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SUMMARY 
1. An attempt was made to investigate the segregation, 
mode of inheritance, manner of gene action, genetic and 
environmental variances, heritability, and the interrelations 
existing among five commercially important characters in soy-
beans: seed size, maturity date, protein percentage, oil per-
centage and iodine number of oil. 
2. Glycine max, variety Dunfield, was hybridized with 
G. ussuriensis, strain P.I. 65549, and grown in the same year 
with the parents and F 2 population. Seed size in grams per 
100 seeds and maturity date were recorded on each of 1,628 
F2'S and l''\'s and each of the parent plants. The F2 dis-
tribution was sampled for seed size at .1 gram intervals. Ap-
proximately 10 percent of the F2 population was selected for 
evaluation of protein percentage, oil percentage and iodine 
number of oil and also for progeny testing in the F 3. 
The wild soybean, G. ussuriensis, had a procumbent habit 
of growth with long twining stems, small trifoliate leaves, 
almost round, small, hard, sooty, dark-colored seed, early 
maturity, high protein percentage, low oil percentage, and 
high iodine number of oil. The cultivated soybean used, 
G. max, possessed characters in contrast to those of the wild. 
The extent of differences between the two species in re-
spect to the characters studied was as follows: G. max was 
10 times larger in seed size, matured 11 days later, was 9.5 
percent lower in protein percentage, 13 percent higher in oil 
percentage, and 25 points lower in iodine number of oil than 
G. ussuriensis. 
In another year the parents, reciprocal FI's, selected F3 
lines, bulk F2 and F3 populations, and reciprocal backcross 
populations were grown in a replicated design. All five char-
acters were recorded on each generation and parents. 
3. Reciprocal Fl hybrids were not different in any of the 
characters studied, indicating a lack of maternal inheritance. 
4. Positive skewness of the F2 and F3 distributions for 
seed size suggested considerable partial dominance of genetic 
factors determining small size of seed, as measured on the 
arithmetic scale. Although genes had multiplicative effects 
when their phenotypic expression was measured on an arith-
metic scale, they had additive effects when the data were 
transformed to a logarithmic scale. The largest seeded F 2 
segregate was a little over half the size of the large parent. 
Seed size was correlated with the following characters: moder-
ately negative with protein percentage, highly positive with 
oil percentage and highly negative with iodine number of oil. 
The character was calculated to be 55 percent heritable and 
conditioned by a large number of major and minor modifying 
genes. 
5. Transgressive segregation for maturity date far be-
yond either parent was oeserved in the F2 and Fa distri-
butions. The maturity date distributions indicated a lack of 
dominance of genes determining this character. Maturity 
date was not associated with any of the characters studied. 
The nature of the gene interaction appeared to be additive. 
Among the characters studied, maturity date gave the highest 
heritability (86 percent), with the smallest number of. genes. 
Effective selection for this character could be practiced in 
early generations following a cross. 
, 6. Transgressive segregation only for high protein per-
centage was observed in the F 2 and F 3 distributions., Partial 
dominance of genes determining high protein content was 
exhibited in all generations. Protein content appeared to be 
highly negatively associated with oil content and only moder-
ately negatively associated with seed size. The nature of the 
gene interaction of protein content was additive or a combina-
tion of additive and multiplicative effects. Protein percentage 
was shown to be 70 percent heritable. This character, though 
not as simple in its inheritance as maturity date, was shown 
to be not as complex in its inheritance as seed size. 
7. Segregation for oil percentage indicated a relatively 
complex type of inheritance. Oil content did not exhibit 
dominance in any 'generation. Oil percentage was correlated 
with the following characters: highly positive with seed size, 
and highly negative with both protein percentage and iodine 
number of oil. Gene interaction was .latgely of the additive 
type. The heritability of oil percentage was 64 percent, con-
ditioned by a relatively large number of genes. The data in-
dicated that the oil percentage of the F; could be estimated by 
knowing the oil percentage of the parents. 
8. Inheritance of iodine number of oil was similar to that 
of oil content. There was relatively little association of pro-
tein percentage with iodine number. Iodine number of oil was 
highly negatively associated both with seed size and ,oil con-
tent. Iodine number gave the lowest heritability (47 percent) 
of the characters studied. ' ' , 
9. Previous research proposes the genetic constitutions 
of the two species to be diverse in their alleles for simply 
inherited characters. On the basis of this study, it was 
postulated that many of the Quantitative genes conditioning 
the characters studied herein also were diverse in their alleles. 
10. Although the inheritance of the characters herein re-
ported was from an interspecific cross. it was postUlated that 
the basic reaction of the polygenes involved in the expression 
of a character would give a similar reaction in a practical 
soybean breeding program with crosses of cultivated species. 
The magnitude of expression of a character would depend, of 
course, upon the diversity of alleles of polygenes in the Fl' 
11. A considerable degree of accuracy in the measure-
ment of each character was indicated by the relatively small 
experimental errors, particularly in seed size and chemical 
composition. 
Inheritance and Interrelation of Some 
Agronomic and Chemical Characters 
. in an Interspecific Cross 
in Soybeans, 
Glycine max x G. ussuriensis1 
By CIIARLES R. WEBER" 
Since the acceptance of Mendelism there has been an ever 
increasing and universal interest in quantitatively inherited 
characters in organisms. Environmental influences together 
with polygenic complexes have challenged research into an 
attempt to separate environmental and genetic variances. 
With this information, the plant breeder may make more rapid 
advances toward .desired goals. 
Genetic investigations relative to breeding behavior of 
quantitatively inherited characters in soybeans are limited. 
This study is an attempt to add new information relative to 
the segregation, mode of inheritance, manner of gene action 
and the interrelations among five commercially important 
characters: seed size, maturity date, protein percentage, oil 
percentage and iodine number of the oil. 
Two general methods have been proposed to study the 
nature of polygenic inheritance. One method is concerned 
with the determination of linkages between genes for complex 
and simply inherited characters- commonly termed "marker". 
genes. The second method involves the segregation of genes 
differentiating polygenic characters as determined by the 
effects that these genes produce. The latter method is the one 
with which this study is concerned. In addition, an attempt 
has been made to estimate genetic and environmental vari-
ances affecting each character and the interrelation of these 
influences to the other characters. . . 
While the characters studied herein were those of an' in-
terspecific cross of a cultivated variety and the wild soybean, 
it is postulated. that the basic reaction of the polyg~nes in-
volved would give a similar reaction in a breeding program 
involving crosses of cultivated types. The magnitude of ex-
1 Project 719 of the Iowa Agrlculturnl Experiment Station. 
This bulletin Is a revision of a thesis by the same title which was submitted 
to the Graduate Faculty of Iowa State College as partial fulfillment of the re-
quirements for the degree of doctor of philosophy in June. 1948. A complete 
copy of the thesis is on file In the Iowa State College Library. 
"Research Associate Professor, Iowa Agricultural Experiment Station, and 
Agent (Agronomist), Division of Forage Crops and Diseases, United States 
Department of Agriculture. 
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pression of the character would depend, of course, upon the 
diversity of the alleles. The parents used differed widely in 
all characters studied. These wide differences extended the 
range of segregation and gave a greater opportunity for 
expression of genetic relationships than if the character dif-
ferences were small. 
PERTINENT LIT~RATURE 
A number of intra- and interspecific crosses of soybeans 
has indicated simple inheritance of many characters, such as 
stem, flower, pod, seed-coat, hilum and pubescence color, pod 
bearing habit, bloom on seed coat, shape of pubescence, ap-
pressed pubescence and hardness of seed coat. These results 
were reported by Karasawa (14), Morse and Cartter (21), 
Ting (38), Woodworth (46, 47) and others. Fukuda (10) 
crossed the wild and cultivated types and found normal cyto-
logical relationships but did not show modes of inheritance of 
characters in the two species. The literature on some simply 
inherited characters in the wild and cultivated species shows 
the wild to carry most of its genes in the dominant condition. 
For example, Ting (38) proposes the genetic constitutions of 
the wild and cultivated species for 11 simply inherited char-
acters as follows: 
G. ussuriensis: 
'V\V TT BIBI DtDt LL R,R,R.R. GG ii B,B,B.B.BaBa aa HH 
G.max: 
ww tt bIbt dtdt 11 r,r,r.r. gg ihih B,B,B,B.b,b, AA hh 
He reported that seed size of the Fh measured in grams per 
·100 seed, closely approximated the geometric mean of the par-
ents, with a partial dominance of factors for small seed size. 
The F2 distribution gave a positive skewness for seed size. 
In 15 crosses of G. max X G. ussuriensis, Williams (44) 
reported that most of the Fl hybrids exhibited 50 percent 
pollen and ovule abortion while certain of the crosses gave 
full fertility. This suggests that the species may differ by a 
reciprocal translocation. He found seed size to be geometric 
in inheritance with neither parental type recovered in large 
F2 popUlations nor in the BCl to G. max. 
Nagai (22) and Takagi (37) were among the few investi-
gators to study inheritance of seed size. These investigators 
obtained similar results. Nagai (22) in a cross in which the 
seed sizes of the parents were 10.2 and 25.5 grams per 100 
seeds obtained a seed size of 14.2 grams per 100 in the Fh 
thus indicating a partial dominance of small seed. Nagai 
stated that F2 plants with seed as large as the large parent 
were rare and concluded that a large number of genes de-
termined this character. 
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Woodworth (45) described a soybean cross that segre-
gated for tall and short plants in a 3:1 ratio. He also reported 
the tall plants were about 2 weeks later than the short plants. 
This would indicate that late maturity was dominant. Veatch 
(39) confirmed these results, but Owen (23) in crosses be-
tween early and late varieties of soybeans found that the 
maturity date of the F 1 tended toward the early types and 
that segregation of the F2 covered the entire parental- range. 
Time of maturity in Pisllm was reported by Rasmusson (30) 
to be due to two main factors, both showing partial dominance 
toward lateness. He estimated that these two major genes 
gave half of the genetic variation in the F2 generation with 
the other half due to modifiers and environment. These 
maturity genes were not strictly additive. Weiss, Weber and 
Kalton (42) renorted that maturity date in the F 1 was consist-
ently intermediate between that of the parents in 17 different 
soybean crosses. They found that single plant maturity date 
determinations of spaced F2 plants were highly indicative of 
the maturity date of subsequent progenies. This suggests a 
high degree of heritability for maturity date. 
Frey (9) reported that low protein percentage of corn was-
completely dominant and suggested that the protein differ-
ences were determined by a few major genes, possibly 22 or 
less, and a large number of minor modifying genes. He con-
cluded that the nature of the interaction of genes determining 
protein content was arithmetic in a high X low protein cross. 
He reported some of the components of protein such as zein, 
tryptophan, valine, leucine and isoleucine to be due to genes 
ranging from completely dominant to partially dominant on 
the low side. As early as 1920, East and Jones (8) studied 
the inheritance of protein content of Fl corn hybrids and con-
cluded that low protein percentage was partially dominant and 
that a large number of genes was responsible for this char-
acter. "Student". (35) implied that the number of major 
genes determining protein percentage in the Illinois high and 
low strains was relatively large, with a number of modifying 
genes with minor effects. The inheritance of protein percent-
8g'e in the F2's and Fa's of wheat was studied by Clark and 
Quisenberry (6) and others, with all results showing a 
tendency for dominance of genes conditioning low protein 
content. 
"Student" (36) from an analysis of gene numbers for oil 
content in corn in Winter's experiment, reduced the estimated 
gene number of 100 to 300 for oil content in his previous 
paper (35, p. 81) by the following statement, " .... oil 
percentage of Winter's maize was conditioned by the presence, 
or absence, of a number of genes, at least of the order 20-40, 
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possibly of 200-400, and not at all likely to be of the order 
5-10." Boyce (1) stated that "Student's" estimate of gene 
number determining oil percentage was too high and adversely 
criticized "Student's" approach in calculation of gene num-
bers. Boyce (1) concluded, "It would therefore seem ad-
visable to cease quoting "Student's" estimate of the minimum 
number of genes in Winter's selection experiment, especially 
as "Student" himself doubted the validity of the calculation." 
Negative associations of oil and protein contents among 
soybean varieties and segregates from crosses have been 
reported by several investigators. Viljoen (40) reported cor-
relations of -0.71, -0.72 and -0.80 among F2 segregates 
from three soybean crosses of the G. max species. The cor-
respondi.ng regression coefficients of oil on protein percentages 
ranged from -0.42 to -0.45. He reported the mode of in-
heritance of oil and protein contents in these crosses involving 
parents with oil contents of high X low, high X medium and 
medium X medium. Protein percentages of the parental 
varieties were in contrast to those of oil. In the high X low 
and high X medium crosses the chemical attributes of the Fl 
hybrids and the mean of the F2 populations were near the 
midpoint between the parents. This indicates a lack of domi-
nance and additive gene action. However, limited trans-
gressive segregation occurred in the F2 population of some 
crosses for both oil and protein, thus indicating comple-
mentary gene action or the presence of plus and minus gene 
effects in the different parents. 
In soybean species crosses Williams (44) found the oil 
content of the Fl intermediate, but neither the oil percentage 
of G. max nor that of G. ussuriensis was recovered in the F2 
segregates. He reported that dominance was exhibited in 
the FJ for high protein content with transgressive segregation 
for high protein shown in the F2 • Maturity of the Fl 
was between the parents, and considerable transgressive 
segregation for this character occurred in'the F 2• 
In a study of influence of variety and environment on 
composition of soybean seed, Cartter and Hopper (3) reported 
that under the conditions of their investigations oil content 
was most 'specifically a varietal characteristic, and iodine 
number of oil was influenced by both variety and climate. 
High temperatures depressed and low temperatures raised the 
iodine number. 
Weiss et al. (42) found that lateness of planting was 
responsible for lateness of maturity, which in tUrn was cor': 
related positively with high iodine number. However, genetic 
lateness of maturity as conditioned by varietal differences 
was not correlated with the degree of saturation of the oil. 
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Over 20 years ago, Sax (32) and others studied quanti-
tative inheritance by means of association with qualitative 
characters. Later Lindstrom (15, 16) used linkage of quali-
tative with quantitative genes to differentiate the inheritance 
of quantitative characters in tomatoes and maize, respectively. 
Powers (25) used a cross of two species of barley to study the 
nature of polygenic interactions versus simple characters via 
linkage. He concluded that the nature of the interactions of 
genes was such that no general rule could be formulated. 
Powers (26) presented formulas and their application to poly-
genic inheritance by utilization of marker genes in an inter-
specific cross of tomatoes. He concluded that the genes for 
the number of loculesper fruit were geometrically cumulative. 
Powers (28) and Powers and Lyon (29) studied the nature of 
gene action in the same two species of tomatoes. In the latter 
paper formulas were presented for estimating arithmetic and 
geometric means. These methods of predicting the type of 
gene interaction, whether arithmetic or geometric, were of 
little value in tomato crosses for the three subdivisions of the 
period from seeding to first complete change of fruit color. In 
the first paper Powers studied the Flo both parents, and 
reciprocal backcrosses. He found small size of tomato fruit, 
small number of locules, small number of fruits per unit 
length of branch to be partially dominant and geometrically 
cumulative. Lindstrom (17), MacArthur and Butler (20), 
Charles and Smith (5), Powers (26, 27) and others have in-
terpreted results from studies of size characters as showing 
that interaction of polygenes differentiating these characters 
is geometrically cumulative. 
Additive genetic effects in quantitative characters have 
been the concern of plant and animal breeders for many years. 
However, little effort has been directed toward more precise 
measurement and characterization of these additive genic 
effects. A knowledge of the inheritance and heritability of 
different attributes permits greater genetic progress. 
Lush (19) discusses heritability of quantitative characters 
in farm animals. He defines heritability and describes its usage 
in both the broad and narrow aspects. In the broad sense 
heritability refers to the functioning of the whole genotype as 
a unit and is used in contrast with environmental effects. In 
the narrow sense heritability includes only the average 
effects of genes transmitted' from parent to progeny. Wright.. 
(49) describes three types of genetic variance all dealing with 
the additive scheme of genes or deviations from the additive 
scheme. The fraction of additive genetic variance is the por-
tion which reflects the degree of likeness in progeny as 
compared with their parents. Procedures and applications for 
estimating genetic variances were outlined by Wright (50). 
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In an estimation of heritability in animal characters Lush 
(18) used the regression of progeny on the female parent. 
This method apparently overcomes part of the limitations due 
to small size samples. Robinson et aZ. (31) outlined pro-
cedures for determining genetic variability in corn using F2 
parent plants and F 3 progeny plots of "biparental" crosses in 
F2 populations. They applied three methods of estimating 
heritability to eight characters in corn. Two of the estimates 
concerned parent-offspring regressions while the third was 
computed from the components of variance of the Fa progeny. 
Smith (33), using the concept of discriminant functions, 
derived a linear equation based on phenotypic characteristics 
as a gauge to the genetic value of each plant line. The use of 
discriminant functions permitted the isolation of the genetic 
and environmental variances. Hazel (11) suggested a similar 
method except that selection indexes were constructed by the 
use of reg-ression coefficients. The method concerns the separa-
tion of the genetic and environmental correlations for two 
traits mp'lsured on the same animal. He stated that the follow-
ing constants were necessary in order to solve simultaneous 
equations for constructing selection indexes with maximum 
accuracy: 
1. Relative economic values for the different traits. 
2. Phpnotvuic constants. 
a. Standard deviations for each trait. 
b. Correlation between each pair of traits. 
3. Genetic constants. 
a. Heritability of each trait. 
b. Genetic correlation between each pair of traits. 
At present, however, there is no way of dealing with funda-
mental genetic problems still incompletely solved, such as 
degree of dominance, nature of heterosis, epistasis and 
pleiotropic effects of genes in polygenic inheritance, and the 
interaction of genotype and environment. In the isolation of 
genetic and environmental correlations between the growth 
rates of pigs at different ages, Hazel, Baker and Reinmiller 
(12) found the genetic variance constituted only a small frac-
tion of the observed variance. In three 56-day periods from 
bIrth to 168 days, the genetic variance was 15. 28 and 17 per-
cent, respectively. The two environmental sources were 
calculated as 1) the litter effect· in the three neriods, and 
2) dominance and epistatic deviations and environment pe-
culiar to individual pigs in the three periods. 
Panse (24) suggested a method for separating heritable 
and nonheritable components of variance in experimental plant 
material. He used data on staple length of F2 and 1<\ pro-
genies from crosses between strains belonging to two species 
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of cotton. The regression of mean staple length of Fa 
progenies on Fz phenotypic values showed that it was ad-
vantageous to consider plot values in selecting individuals on 
the basis of the interplot and intraplot variation. 
MATERIALS AND METHODS 
The wild soybean, Glycine ussuriensis Regel and Maack, 
is reported to be widely distributed throughout the Yangtze 
Valley, where it grows in a wild habitat. The strain used in 
these studies had a procumbent habit of growth with long 
twining stems, small trifoliate leaves, early maturity, and an 
almost round, small, hard, sooty, dark colored seed. It was 
high in protein percentage, low in oil percentage and high in 
iodine number of oil. The cultivated soybean species used, 
Glycine max (L.) Merrill, possessed characters generally 
contrasting to those of the wild species. 
In 1938, crosses were made by hybridizing cultivated 
G. max, .variety Dunfield, with G. llssuriensis, strain P.I. 
65549. All FI hybrids were grown in 1939. The space-planted 
Fz population was grown together with parents and FI hy-
brids in 1940. Photographs of mature plants of the parents 
and hybrids and seed of each are shown in figs. 1 and 2, re-
specti vely. 
All plants in this investigation were grown at Ames, Iowa. 
The methods used for. evaluation of each character studied 
were as follows: 
Seed size-measured in grams per 100 seeds. All seed 
from a plant or plot were air-dried to a uniform mois-
,ture after which 100 whole seeds were chosen at 
random by use of a counting board. 
Maturity date-plants or plots were considered mature 
when 90 to 100 percent of the pods had turned brown 
and most of the leaves had fallen. Maturity was taken 
as the calendar date or the number of days after Sept. 
1 when this stage was reached. 
Protein and oil percentages--expressed in percent on a 
moisture-free basis. 
Iodine number of the oil-determined by Wijs method 
and also calculated by refractive index of the oil on a 
colorimetric scale. 
Seed size and date of maturity were recorded on an in-
dividual plant basis in the F2 population (1,628 plants), FI 
hybrids and parents. 
A frequency distribution was constructed for seed size 
from the entire F2 population. This curve was sampled at 
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Fig. 2. :\Iature seed of G. IISSlIl'iel1Sls, left, F, of O. fl881lriensis X O. ""'x, 
center, and G. max, right. Approximately Ix. 
equal .1-gram intervals from the smallest seeded segregate to 
the largest. Nearly equal numbers of F2 plants were selected 
from each class interval for chemical analyses of the seed. 
The selection of the plants within a class interval was limited 
to three or four with sufficient seed for chemical analyses 
and for planting the Fa generation in 1943. A total of 164 
F2 plants (approximately 10 percent) was selected from the F2 
population of 1,628 plants. Protein percentage, oil percentage 
and iodine number of the oil were determined on all samples 
in this study by methods outlined in Cartter and Hopper (3). 
In portions of this presentation G. max and G. ussuriensis 
will be designated 11 and 25, respectively. 
In the summer of 1942 and winter of 1942-43, the follow-
ing crosses consisting of reciprocal F1's and reciprocal back-
crosses were made: 
11 X 25,25 X11, 11 X (11 X 25), and 25 X (11 X 25). 
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Fig. 3. Parent comparison showing procumbent habit of G. u88urien8i8 in 
foreground; vining t endency of G. llSs/lI"iell 8is on s takes , a nd G. max in back-
ground. 
In 1943, 164 Fa progenies together with two entries of 
each parent, 11 and 25, two entries of Flo 11 X 25; two entries 
of Flo 25 X 11; eight entries of the backcross, 11 X (11 X 
25) ; four entries of the reciprocal backcross, 25 X (11 X 25) ; 
and six entries of each of the bulked F2 and Fa populations 
were arranged in a 14 X 14 simple lattice design with two 
replications of single rod-row plots. The seed in each entry 
was spaced 1 foot apart, and all entries except F 1 hybrids and 
backcrosses were planted at a heavy rate and thinned at ran-
dom to one plant per hill. A perfect stand would have given 
16 plants per entry per replicate. The bulked Fa population 
was made by compositing 10 random seeds from each of 1,628 
F2 plants and then selecting at random sufficient seed for the 
six bulk Fa entries in the experiment .. Seed size, maturity 
date, protein and oil percentages and iodine number of the oil 
were determined on a progeny row basis except for the back-
cross populations, which were recorded on an individual plant 
basis. It was necessary to support on stakes many of the 
plants in this experiment in order to keep them from inter-
mingling from row to row. Photographs of the parents are 
shown in fig. 3, FI hybrids and reciprocal backcrosses in fig. 4, 
and second backcross progenies to Dunfield in fig. 5. 
In an attempt to transfer the high iodine number of the 
oil of P.I. 65549 to Dunfield, a second backcross, 112 X (11 X 
25), was made. Selection was practiced for the cultivated 
G. ".,,,ric ,, s is X ( G. IIW JJ X (/ . "ss"riclI sis ). 
-1 
-1 
c.:> 
Left: BC to G. us.uriellsis. Right: BC to G. 1/W"'. G. max X (G. max X G. fl8suriellsi.). 
Fig. 4. F, hybrids and reciprocal backcrosses in the 1943 species cross nursery. 
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Fig. 5. General vIew of progenies from second backcross, 11. X (11 X 25). 
Note tendency toward the G. mUQ) (11) type. - . 
type with counter selection for high iodine number of the oil. 
Analyses of variance for each attribute were calculated as 
outlined by Cox, Eckhardt and Cochran (7). Observed cor-
relation and regression coefficients were calculated using the 
methods presented by Snedecor (34). Genetic and environ-
mental correlations were determined as outlined by Hazel 
(11) and Hazel, Baker and Reinmiller (12), while estimated 
gene numbers were calculated from formulas presented by 
Castle and Wright (4). The manner of gene interaction of 
the characters was determined as suggested by Powers and 
Lyon (29). 
EXPERIMENTAL RESULTS 
The soybean species used provided especially favorable 
material for a study of quantitative and qualitative inheri-
tance, since the types were widely divergent in all observable 
characters. The species were almost completely self-fertilized, 
and the fertility of the F 1 hybrids and subsequent generations 
was reasonably good. Although there was some sterility in 
the F 2 population in this cross, it was considered incon-
sequential insofar as it concerned the characters studied. 
SEGREGATION OF CHARACTERS 
Segregation of genes controlling any polygenically in-
TABLE 1. ANALYSES OF VARIANCE AND OTHER PERTINENT STATISTICAL DATA FOR SEED SIZE IN GRAMS PER 100 
SEEDS, MATURITY IN NUMBER OF DAYS AFTER SEPT. 1, PROTEIN PERCENTAGE, OIL PERCENTAGE AND 
IODINE NUMBER Ol<~ OIL FROM 164 Fa LINES, PARENTS, RECIPROCAL Fl'S AND BACKCROSSES, AND 
BULK F. AND Fa POPULATIONS FROM G. MAX X G. UNNURIBNSIS GROWN IN 1943. 
Mean squares 
Source of variation d. f. Seed size Maturity Protein on· I Iodine no. 
gms/l00 days percent percent of oil 
Replications 1 .60 226.54 12.90 1.03 I .46 
I 
mock (eliminating strain,,) 26 .15 6.16 1.13 .24 I 1.72 
Strains (ignoring blocks) 1915 5.93** 111.46** 8.90" G.26*· I 26.41** 
Error (Intra·hlock) 169 .124 9.320 .650 
I 
.183 1.216 
Error (random. compo blocl{) 195 .128 8.900 .713 .190 1.284 
General mean 4.55 Oct. 4 48.87 12.5'5 142.89 
Coefficient of variation (%) 7.9 8.8 1.7 3.5 .8 
Gain in preelsion (%) .8 0 3.8 .3 .6 
Least significant difference 
5% level .71 5.9 1.67 .87 2.03 
1 % level .93 7.8 2.20 1.11 2.95 
~. F value exceeds 1 percent level. 
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herited character can be best shown by graphic presentations. 
The data for the distribution of F2, Fa and reciprocal back-
crosses together with their respective hybrids and parents are 
shown in figs. 6 to 15. 
The analyses of variance, general mean, coefficient of vari-
ation, gain in precision, and least significant difference 
necessary at two levels of probability are shown in table 1 for 
each of the five characters studied. The large mean square 
among strains for all characters was expected because of the 
large character difference between parents. Soil heterogeneity 
affected all characters appreciably except iodine number of 
oil as seen by the sizable mean square for replications. How-
ever, there was no advantage in reducing the block size 
from 196 to 14 strains as shown by the very small gain in 
precision for each character. A considerable degree of ac-
curacy in the measurement of each character was indicated 
by the relatively small experimental errors, particularly in 
the seed size and chemical composition attributes. 
SEED SIZE 
Frequency distributions of seed size in grams per 100 seeds 
are shown in fig. 6 for 1,628 F2 plants, 164 selected F2 plants, 
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Fig. 6. Frequency distributions of seed size in grams per 100 seeds on 
arithmetic scale for 1,628 Fo plants, 164 selected F. plants, 12 plants of each 
parent and 6 F, hybrids from G. 1Ilax X G. IIBsllriensis grown in 1940. 
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TABLE 2. MEAN SEED SIZE IN GRAMS PER 100 SEEDS OF PARENTS, 
F , 'S, SELECTED AND BULK F. AND F. POPULATIONS AND 
RECIPROCAL BACKCROSSES FROM G. MAX X G. 
USSUIUENSlS GROWN IN 1940 AND 1943.' 
1940 1943 
Seed size Seed size 
No. of gms/100 No. of gms/100 
Species or cross 
plants I - items I 
_________ : ____ :_A_rl_th_. _,L_O_g_. ___ Arlth. Log. 
I 12 1.63 .2121 4 reps I 1:40 I .14~ G. uB811rietlsis (25) 
G. moll' (11) 
Mldparent 
F, (11 x 25) 
F. (11 x 25) 
F. (11 x 25) bulk 
F. (11 x 2·5) 164 .lInes 
F. (11 x 25) bulk 
BC 25 x (11 x 25) 
BC 11 x (11 x 25) 
12 
/' 6 I 
I Selected I I 164 I 
1628 
16.25 
5.80 
I 
5.27 1 
4.96 I 
I 
I 
1.211 I 4 reps I 15.67 1.195 
I I 
.712 I I .671 
.763 \ 8 reps I 4.84 .685 
.m I I 
.695 I 12 reps 
I I 2 reps 
I I I 12 reps. I 
I I I 70 plants I 
\ 114 plants I 
I I 
4.41 I .644 
4.30 .633 
4.09 .612 
2.621 .418 
8.76 .943 
I 
12 plants of each parent and 6 F/s grown in 1940. The mean 
seed size on an arithmetic scale and a logarithmic scale of the 
parents and generations studied in both 1940 and 1943 are 
presented in table 2. In 1940 the large-seeded parent, G. max, 
was approximately 10 times larger than the small parent, 
G. ussuriensis. Their means were 16.25 and 1.63 grams per 
100 seeds, respectively. Neither of the parental types was 
recovered in the F2• The smallest seeded F2 segregate was 
1.6 times larger than the small-seeded parent, whereas the 
largest seeded segregate was only 5.6 times that of the small 
parent. The mean seed size of the Fl's, 5.80 grams per 100 
seeds, was approximately 3.6 times that of the small parent. 
Positive skewness of the F2 distribution shown in fig. 6 and Fl 
mean suggest considerable partial dominance of genetic fac-
tors determining small size of seed, as measured on the 
arithmetic scale. 
Another interpretation of this F2 distribution is that 
though the genes have mUltiplicative effects when their 
phenotypic expression is measured on an arithmetic scale they 
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have additive effects when transformed to a logarithmic scale. 
This is discussed in greater detail later. 
It is obvious that if equal numbers of plants had been 
selected from each F2 seed size class interval, the plotted dis-
tribution of these would have given a straight horizontal line 
in fig. 6. It should be noted that the sampled F 2 distribution 
covered the entire range of seed size. 
Frequency distributions of seed size in grams per 100 
seeds for 164 Fa lines, each parent, the Fl's, 70 plants of 
25 X (11 X 25), and 114 plants of 11 X (11 X 25) grown in 
1943 are presented in fig. 7. The mean seed size from each 
parent and from progenies of crosses grown in 1943 has been 
referred to in table 2. The distribution of Fa lines resembled 
that of the F2 • In fact, the Fs lines approximated their F2 
progenitors very closely; this implies high heritability of the 
character seed size. Reciprocal F 1 hybrids were not shown 
to be different in seed size. 
The backcross of the Fl to the large-seeded parent gave 
a population with over four times larger range than the 
reciprocal backcross. The segregates from reciprocal back-
crosses failed to reach the seed size of their respective 
recurrent parent. The segregates from the backcross to the 
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Fig. 7. Frequency distributions of Reed size in grams per 100 seeds on 
arithmetic scale for 164 Fa lines, 4 replications of each parent, S replications 
of the Fl's, 70 plant:; of 25 X (11 X 25) and 114 plants of 11 X (11 X 25) 
all from G. ,,1/ . .1' (11) X G. 118sIIriellsis (25) grown in 1943. 
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small-seeded parent more nearly approached the small parent 
than did the segregates from the reciprocal backcross. These 
backcross populations furnish additional evidence of partial 
dominance of genetic factors determining small seed size on 
the arithmetic scale. 
When the respective logarithmic values were placed in the 
• .. Fi-MP h 
formula to measure phenotYPIc dommance, P2 _ MP' were 
MP is the mid parental value on a logarithmic -scale, the 1940 
and 1943 seed size data yielded phenotypic dominance values 
of +.10 and +.03, respectively. This indicates the presence 
of a slight positive dominance. The log values in table 2 in-
dicate a decrease in the means with succeeding generations as 
would be expected with positive dominance. However, they 
decreased more rapidly than would be expected on a positive 
dominance hypothesis since they should converge on the mid-
parent. 
When expected backcross seed size values were calculated 
on the basis of no dominance using logarithms in the formulas, 
= f\ + MP -:-P1 and Bell = MP + MP - P~ ,the 2 2 2 
values .408 and .933 were obtained as compared to .418 and 
.943 for the observed backcross means to P1 and P2, respec-
tively. Thus. the observed backcross logarithmic values were 
higher than those calculated on a no dominance basis, as was 
expected. Here again slight positive dominance was ex-
hibited. 
:\IATURITY DATE 
The mean maturity date for each parent and generation 
studied in both 1940 and 1943 is presented in table 3. The 
F2 frequency distribution in 1940 for maturity date presented. 
in fig. 8 appears to be normal, but shows considerable trans-
gressive segregation beyond the range of either parent. The 
earliest F2 segregate matured Sept. 1, 19 days earlier than 
the early parent, G. 11ss11riensis, whereas the latest segregate 
was 12 days later than the latest parent, G. max, the maturi-
ty date of which was Oct. 4. Although the parents differed 
by 14 days in average maturity, the F2 population -range 
covered 46 days. The F1'S matured on Sept. 28, which ap-
proximates the arithmetic midpoint between the parents and 
also the F2 population mean. The maturity of the F2 plants 
sampled on a seed size basis covered most of the range of the 
F2 population except for the extreme early end of the F2 dis-
tribution. 
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Fig. 8. Frequency distributions of maturity date for 1.628 F. plants. 164 
selccted F, plants, 12 plants of each parent and 6 F, hybrids fro;;" G. max X 
G. u8suriellsis grown In 1940. 
Frequency distributions of maturity date for Fa lines, 
each parent, the Fl's and both backcrosses grown in 1943 are 
presented in fig. 9. The mean maturity date from each parent 
and generation in the 1943 test is shown in table 3. Trans-
gressive segregation of the Fs lines beyond each of the parents 
was in agreement with that observed in the F2 distribution 
(see fig. 8). There was, however, a shift toward lateness in 
the F3 lines. This shift toward lateness has reasonable 
explanations. First, it should be recalled that the selection of 
the F2 individuals on a seed size basis failed to include the 
very early segregates in the F2 distribution. Secondly, there 
appeared to be a slight personal bias toward lateness when 
recording maturity in segregating Fa lines. Segregating lines 
having late recombinations tended to be given a maturity date 
more comparable to the late types than to the average of both 
early and late segregates comprising the row. There was a 
tendency for early plants in the row to be obscured by late 
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TABLE 3. :lIEAN :lIATURITY DATE OF PARENTS, F,'S, SELECTED AND 
BULK F. AND F. POPULATIONS, AND RECIPROCAL BACK-
CROSSES FROM G. JIAX X G. USSURIENSIS GROWN 
IN 1940 AND 1943. 
1940 1943 
Species or cross No. of I :lIaturity No. of l:lfaturlty 
plants date items date 
O. 1I8811riell8is (25) 12 I 9·20 I 4 reps 9-23 
O. IIIUJ1 (ll) 12 10·4 I 4 reps 10-1 
I 
F, (11 x 2'5) I 6 9·28 8 reps I 10-1 
F. (11 x 25) I Selected 9-28 1 
164 
F. (11 x 25) bulk 1628 9·26 12 reps 10·7 
F. (11 x 25) 164 lines 2 reps 10-5 
F. (11 x 25) bulk 12 reps 10-5 
BC 2'5 x (ll x 25) 70 plants 9-26 
BC 11 x (11 x 25) 114 plants 9·28 
plants when scored on a row basis_ This small personal bias 
did not appear to' exist generally when maturity was recorded 
on a single-plant basis or on a row basis with no segregation. 
The Fl's matured on Oct. 1, the same date as the late par-
ent. Thus, it appears that genes for late maturity were 
dominant. This is hardly conceivable and probably was due 
to chance or incorrect scoring. In 1943 the means of parents 
differed only 8 days in maturity, whereas in 1940 -there was a 
difference of 14 days in their mean maturity dates. The least 
significant difference at the 5 percent level of probability was 
-+- 6 days (table 1). The reciprocal F 1 hybrids were not shown 
to be different in maturity. 
The segregates from the Fl backcrossed to the late parent 
gave a range in maturity of 46 days, even exceeding the range 
of 39 days for the Fa lines. The segregates from the back-
eross to the early parent ·ga,vea range in maturity of only 19 
days, which was considerably less than half that of the back-
eross to the late parent. There appeared to be a . lack of' 
dominance for factors conditioning maturity date, as observed 
in the Flo F2, Fa and reciprocal backcross populations. 
PROTEIN PERCENTAGE 
In 1940, protein percentage was determined only on the 
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Fig. 9. Frequency distributions of maturity date for 164 F. lines, 4 repli. 
cations of each parent. 8 replications of the F.'s, 70 plants of 25 X (11 X 25) 
and 114 plants of 11 X (11 X 25), all from G. mUll> (11) X G. t188111'/en818 (25) 
grown In 1943. 
seed of F 2 plants selected for progeny testing and on seed of 
the parents and Fl's. These population distributions are 
shown in fig. 10. The mean protein percentage of the parents 
and generations studied in 1940 and 1943 are presented in 
table 4. Figure 10 shows that the highest protein segregate 
from the F2 population exceeded the mean of the high-protein 
parent, G. ussuriensis, by 3.5 percent, yet the lowest protein 
segregate failed to reach the mean of the low-protein parent, 
G. max. The Fl protein mean exhibited considerable partial 
dominance for genes determining high protein content. 
The frequency distributions of protein percentage for the 
Fa lines, parents, Fl's and reciprocal backcrosses grown in 
1943 are shown in fig. 11. The respective means of these 
distributions will be found in table 4. The Fl hybrid again 
displayed considerable partial dominance for genes determin-
ing high protein percentage. The F3 lines gave transgressive 
segregates up to 3.0 percent above the mean of only the high-
protein parent. This result was very similar to that' obtained 
in the F2 distribution. Reciprocal Fl hybrids were not differ-
ent in protein percentage. 
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TABLE 4. MEAN PROTEIN PERCENTAGE OF PARENTS, F,'S, SELECTED 
AND BULK F. AND Fa POPULATIONS, AND RECIPROCAL BACK· 
CROSSES FROM G. MAX X G. USSURIENSIS GROWN IN 
Species or cross 
G. u88uriensis (25) 
G. maa: (11) 
F, (11 x 25) 
F. (11 x 25) 
F. (11 x 25) bulk 
Fa (11 X 2·5) 164 lines 
Fa (11 x 25) bulk 
BC 25 x (11 x 25) 
BC 11x (11 x 25) 
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1940 AND 1943. 
1940 1943 
No. of I Protein No. of I Protein plants percent items percent 
12 I 52.04 1 4 reps 50.50 I 41.15 12 I 42.34 4 reps I 
6 I 50.77 I S reps 49.73 
i \ Selected 49.54 161 I 1628 I 49.77 12 reps 49.48 
I 
I 
I 2 reps 49.03 
I 
12 reps 48.62 
70 plants 51.16 
114 plants 45.87 
I 
il I~ F' • I r\ 
/ \ ~ \ 
I-- ~~ 
'\ G. ussurien!!lis ~ ~ 
I I I HIt>" ~ 
-
I"'-F', 
~~~~~~~~~~~~~~~~~ 
PROTEIN (, __ «0', 1940 
Fig. 10. Frequency distributions of protein percentage for 164 F. plants, 
12 plants of each parent and 6 F, hybrids from G. max X G. 118SlWiel!sis 
grown In 1940. 
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Fig. 11. Frequency dlstrbutlons of protein percentage for 164 F. lines, 
4 replications of each parent, 8 replications' of the F1's, 70 plants of 25 X 
(11 X 2,5) and 114 plants of 11 X (11 X 25) all from G. maa; (11) X G . 
• fl8s!lriens/s (25) grown In 1943. 
The backcross of the FI to the low-protein parent gave 
segregates with a range of 13 percent compared to the range 
in the Fs lines of 10 percent and a range of 8 percent in the 
reciprocal backcross. The backcross to the high-protein 
parent gave only a relatively few individuals with a protein 
percentage higher than the highest Fs lines. This suggested 
that high protein was determined by factors with considerable 
partial dominance. The regression of the F2 mean from the 
FI mean in 1940 and in a similar manner the regression of the 
F2 and Fs means from the Fl mean in 1943 agree with the 
expectation that the mean of the Fit generation would ap-
proximate the arithmetic mean of both parents . 
. 
OIL PERCENTAGE 
Frequency distributions of oil percentage for 164 F2 
plants, each parent and F I hybrids grown in 1940 are shown 
in fig. 12. Their means are presented in table 5 together with 
data from the 1943 test. These distributions appear to be 
normal. The range of the F2 segregates failed to reach either 
of the parents by approximately 2.0 percent. The mean oil 
percentage of the FI'S was exactly intermediate between the 
parent means and was approximately equal to the mean of 
the F2 population. . 
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Fig. 12. Frequency distributions of all percentage for 164 ·F. plants, 12 
plants of each parent and 6 F, hybrids from G. flll/:!: X G. 1188uriensis grown 
in 1940. 
TABLE 5. ::\lEA~ OIL PERCE~TAGE OF PARE~TS, F,'S. SELECTED AND 
BULK F.· AND Fa POPULATIO~S. AND RECIPROCAL BACK-
CROSSES FROlf G . .lUX X G. USSURIENSIS GROWN IN 
1940 AND 1943. 
1940 1943 
No. of I 011 items percent Species or cross No. of Oil plants percent 
O. 1f881f"iellsis (25) 12 7.68 4 reps 6.65 
O. ilia.!) (11) 12 19.70 4 reps 20.60 
Fl (11 x.25) 6 13.70 8 reps 12.78 
F. (11 x 25) Selected 13.33 
164 
F. (11 x 25) bulk 1628 13.34 12 reps 12.68 
Fa (11 X 25) 164 lines 2 reps 12.45 
Fa (11 X 25) bulk 12 reps 12.30 
BC 25 X (11 X 25) 70 plants 9.63 
BC 11 X (11 X 25) 114 plants 15.74 
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Fig. 13. Frequency distributions of oil percentage for 164 F. lines, 4 
replications of each parent, 8 replications of the F,'s, 70 plants of 2'0 X (11 X 
25) and 114 plants of 11 X (11 X 2>5), all from G. mUIII (11) X G. f.C88uriensi8 
(25) grown in 1943. 
The frequency distributions of oil percentage for the F3 
lines, parents, Ft's and reciprocal backcross populations grown 
in 1943 are shown in fig. 13. Their means are presented in 
table 5. The oil percentage of the F 1 hybrids was only 
slightly above the means of the bulked F2 and Fs lines. The 
Fslines gave a distribution very similar to that obtained from 
the F2 population in 1940. The reciprocal Fl hybrids were 
similar in oil percentage. 
The oil content of the reciprocal backcross populations 
agreed with that expected from the segregation obtained in 
the F2 gener~tion. That is, the mean of the backcross to the 
high-oil parent was approximately intermediate between the 
F1 mean and the high parent mean. Conversely, the mean 
of the backcross to the low-oil parent was intermediate be-
tween the Fl mean and the low-oil parent mean. All 
distributions for oil content suggested additive effects for 
genes determining this character. 
IODINE ::O;U:\1BER OF THE OIL 
Determinations were made for iodine number of the oil 
from F2 plants, each parent and Fl's grown in 1940. The 
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Fig. 14. Frequency distributions of iodine number of oil for 164 F. plants, 
12 plants of each parent· and 6 F, hybrids from G. ",UJ) X G. 118slIriellsis grown 
In 1940. 
data are shown in graphic form in fig. 14. The mean iodine 
number of oil of the respective populations grown in 1940 and 
those grown in 1943 are presented in table 6. The F2 fre-
quency distribution for iodine number exhibited a negative 
skewness. This skewness was not large, however, since the 
arithmetic mean iodine number of the parents was 136.6, 
identical with that of the F2• The means of the·high and low 
parents were 149.4 and 123.8, respectively. Even the mean 
iodine number of the Fl hybrids of 135.3 approximated the 
midpoint between the two parents and also that of the F2 
population. The F2 segregate with the highest iodine number 
of oil failed to reach the mean of the high parent, and con-
versely, the lowest F2 segregate for this character did not 
reach the mean of the lowest parent. This type of segregation 
indicated a lack of dominance of genetic factors conditioning 
iodine number of oil. 
The frequency distributions of iodine number of oil for 
the F:i lines, parents, F/s, and reciprocal backcross popu-
lations grown in 1943 are shown in fig. 15. The Fl mean 
iodine number, 143.5, was almost exactly equal to the mean 
of the F 3 .lines, 143.1. A similar result was observed in the 
1940 data above. The midpoint between the parents was not 
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TABLE 6. ::\IEAN IODINE NU:\IBER OF OIL OF PARENTS, F , 'S, SE-
LECTED AND BULK F2 AND Fa POPULATIONS, AND RECIPRO· 
CAL BACKCROSSES FRO:\f G. -'fAX X G. USSURIENSIS 
GROWN IN 1940 AND 1943. 
1940 1943 
.species or cross No. of Iodine No. of I Iodine 
plants number Items number 
of 011 of oil 
<1. 1188"1"i6118;8 (25) 12 149.43 4 reps I 153.83 
G. max (11) 12 123.84 4 reps I 129.18 
I 
F, (11 x 25) 6 13-5.28 8 reps I '143.50 
F2 (11 x 25) Selected 136.60 I 
164 I 
F. (11 x 25) bulk 1628 135.30 12 reps I 142.59 
.Fa (11 x 25) 164 lines 2 reps 143.08 
F. (11 x 25) bulk 12 reps 143.53 
BC 25 x .(11 x 25) 70 plants 148.56 
:BC 11 x (11 x 25) 114 plants 137.22 
far from the Fl mean. Reciprocal Fl crosses were not differ-
ent in iodine number. 
The iodine number of the backcross populations agreed 
with that expected from segregation obtained in the F2 and 
Fa generations. That is, the mean of the backcross to the 
high iodine number parent was intermediate between the Fl 
and high parent mean. Conversely, the mean of the back-
cross to the low iodine number parent was intermediate 
between the Fl and the low iodine number parent mean. The 
segregation of genes determining iodine number of oil was 
almost identical with those determining oil content. Further-
more, there appeared to be a lack of dominance of factors 
determining either iodine number or oil content. We might 
postulate some pleiotropic effects of genes controlling these 
two attributes. 
Cartter and Hopper (3) reported that low temperatures 
at the time of 'oil formation increase iodine number and high 
temperatures depress iodine number of oil. The iodine num-
ber of oil in the data herein was 5 to 6 points higher in 1943 
than in 1940; this can be explained by seasonal difference. 
Most of the oil in these genotypes probably was formed during 
September. In 1940 and 1943 the mean temperatures for 
September were 65.0 0 F. and 59.4 0 F., respectively. I 
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Fig. 15. Frequency distributions of Iodine number of 011 for 164 F3 lines. 
4 replications of each parent, 8 replications of the Fl's, 70 plants of 2'5 X 
(11 X 25) and 114 plants of 11 X (11 X 25), all from G. IIII1J' (11) X 
G. 1f8811rie1lSi& (25) grown In 1943. 
ASSOCIATION OF CHARACTERS 
Improvement accomplished by selection in any cross is 
dependent on the relative accuracy with which genetic differ-
ences among individual segregates can be identified. Although 
environmental factors, dominance and epistasis may mask 
genotypes, heritability of a character must be measured or 
known before the most efficient selection can be practiced. 
Phenotypic expression of a visible or easily measured char-
acter and its association with a non-visible character, e.g., 
chemical composition, may be useful in selecting in the desired 
direction. . 
Association of characters may be due to linkage of genes, 
physiological asso,ciation of pleiotropic effects of genes or any 
combination of these. However, if two polygenic characters 
have a considerable degree of association, there will be diffi-
culty in independently transferring one of them to another 
genotype. 
In order to determine the associations and interrelations 
of the five characters studied, correlation and regression co-
efficients were calculated for each variate with each of the 
others. Each coefficient was determined from 164 individual 
F2 plants and Fa progenies from them. 
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ASSOCIATIONS IN THE F. GENERATION 
The correlation and regression coefficients between char-
acters in the F 2 are presented in table 7. The magnitude' of the 
correlation and regression coefficients reveals that seed size 
was appreciably associated only with oil percentage and iodine 
number of oil. The correlation coefficients were .466 and 
-.674, respectively, while the corresponding regression co-
efficients were .440 and -2.138. Considerable difficulty might 
be encountered in attempting to transfer high iodine number 
of oil of G. ussuriensis to G. max because of the relationship 
between small seed size and high iodine number. The magni-
tude of these coefficients also indicates that it would be 
difficult to obtain a large-seeded low-oil strain from the seg-
regates of this cross. Seed size did not appear to be as-
sociated with protein percentage. 
The relation of maturity date to the four variates was 
shown to be small. This could imply that maturity date was 
conditioned by a relatively small number of genes. With a 
small number of genes determining a character, there is less 
likelihood of linkage. 
Protein percentage exhibited considerable association 
with oil percentage. The correlation and regression coefficients 
of these two characters were -.462 and -.288, respectively. 
Protein percentage and iodine number of oil were only moder-
ateJy negatively correlated. 
Oil percentage and iodine number of oil were negatively 
correlated to a considerable extent. The correlation and re-
TABLE 7. CORRELATION AND REGRESSION COEFFICIENTS BETWEEN 
CHARACTERS FRO)! 164 F. PLANTS OF A CROSS 
G. MAX X G. USSURIENSIS. 
Characters correlated 
Seed size, gms/100 seeds and 
Protein percentage-
Oil percentage 
Iodine number of oil (Wijs) 
:\1aturlty date 
;lla turity date and 
Protein percentage 
Oil percentage 
Iodine number of oil CWijs) 
Protein percentage and 
Oil perc en tage 
Iodine number of oil (Wijs) 
Oil percentage and 
Iodine numl>er of oll CWijs) 
• Exceeds 5 percent level (162 d.f.) . 
•• Exceeds 1 percent level (162 d.f.). 
Correlation 
coefficient 
+.071 _ 
+.466" 
-.674** 
-.090 
-.008 
+.034 
-.125 
-.462" 
-.15S· 
-.311 ** 
Regression 
coefficient 
+.106 
+.440'· 
-2.138" 
-.345 
-.003 
+.008 
-.104 
-.28~"'· 
-.331' 
-1.045*" 
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gression coefficients were -.311 and -1.045, respectively. 
It would appear practically impossible to obtain a strain with 
as large seed and as high oil as the cultivated type and with 
as high an iodine number of oil as the wild species from 
segregates of this cross. 
ASSOCIATIONS IN THE F. GENERATION 
Family structure in a cross involving homozygous parents 
is not observed until the Fa generation. Therefore, the 
progeny from each of the 164 F2 plants permitted a determi-
nation of the degree of persistence of association and inter-
relationships existing among the characters. These correlation 
and regression coefficients are shown in table 8. 
Seed size showed a high positive correlation with oil per-
centage and a large negative correlation with iodine number 
of oil, as was shown also in the F2 data. However, the only 
characteristic noted in the F3 seed size correlations which was 
not exhibited in the F2 data was the appreciable negative cor-
relation of seed size and protein percentage. Although this 
correlation was not large, it exceeded the 1 percent level of 
TABLE S. CORRELATION A)lD REGRESSION COEFFICIENTS BETWEEN 
CHARACTERS FRO.\I 164 F. LI:>1ES OF A CROSS 
G. JIA.X X G. USSURIENSIS. 
Characters correlated 
Seed size, gms/100 seeds and 
Protein percentage 
Oil percentage 
Iodine number of all 
:Uaturlty date 
lIfa turity date and 
Protein percentage 
011 percentage 
Iodine number of oil 
Protein percentage and 
Oil percentage 
Iodine number of oil 
Oil percentage and 
Iodine number of oil 
.. Exceeds 1 percent level (162 d.f.). 
Correlation 
coefficient 
-.235·· 
+.658" 
-.G7S·· 
-.093 
-.051 
-.OS6 
+.024 
-.712·· 
+.252" 
-.675" 
Regression 
coefficient 
-.499" 
+.957" 
-2.256" 
-.793 
-.027 
-.015 
+.093 
-.48S" 
+.380" 
-1.545" 
probability. A plausible explanation is that the mean of 
several plants of an Fa line was a better measure of the true 
association between the two characters than an individual F2 
plant. 
Again, as in the F!!> maturity date exhibited no association 
with the other four attributes. 
Protein percentage was negatively correlated with oil per-
centage to a considerably greater degree in the Fa than in the 
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F2• Although protein percentage and iodine number of oil 
gave a reversal in sign in the Fa data, as compared to the Fz 
data, the magnitude of this positive c0rrelation was not large. 
Oil percentage in the Fa was highly negatively correlated 
with iodine number of the oil, with correlation and regression 
coefficients of -.675 and -1.545, respectively. These co-
efficients were in the same direction as those obtained in the 
F2 but they were considerably larger. As previously mention:'" 
ed, oil percentage was appreciably associated with seed size 
and protein percentage. 
It should be noted that most of the correlations and 
their corresponding regression coefficients were larger when 
measured by the F 3 data than those obtained in the F 2, 
suggesting that the mean of an F 3 line provided a better 
measurement of the genotypic value than an individual F2 
plant. Also, the agreement of the F2 and F3 coefficients in-
dicates a reasonably.high degree of heritability in these 
characters. 
ASSOOIATIONS OF THE F. AND F. GENERATIONS 
The correlation and regression coefficients between the 
same characters from 164 F 2 plants and their Fa progenies 
are presented in table 9. 
It appears that factors determining a character in the F2 
persisted strongly in the Fa progeny. The strong tendency 
for characters to persist accounts for the large correlation 
and regression in all five characters studied. In fact, the 
regression coefficient of the same character in Fa on the F2 
represents observed heritability of F2 differences. The lowest 
correlation coefficient of .647 in oil percentage accounted for 
almost 42 percent of the variation in the oil content in the F3 
lines. The highest correlation coefficient of .863 in maturity 
TABLE 9. CORRELATION AND REGRESSION COEFFICIE:-<TS BETWEEN 
THE SA:\IE CHARACTERS FRO:\I 164 F. PLANTS AND THEIR 
F. PROGENIES OF ;A CROSS a. JIAX x G. USSURIENSIS. 
Characters correlated Correlation Regression 
coefficient 'coefflcient 
Seed size, gms/100 seeds +.861** +,549** 
Protein percentage +.784** +.702** 
011 percentage +.647** +.635** 
Iodine numiJer of 011 +.701*- +.469** 
Maturity date +.863·· +1.224·· 
.. Exceeds the 1 percent level (162 d.f.). 
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date accounted for 74 percent of the variation in maturity date 
in the Fa lines. Coefficients for seed size, protein percentage 
and iodine number of oil were .861, .784 and .701, respectively. 
The regression coefficient, 1.224, of maturity date would not be 
expected to be in excess of 1.0. Two plausible explanations 
for this were given previously in the maturity date section 
under segregation of characters, 1) the selection of the F2 
individuals on a seed size basis failed to cover the very early 
segregates in the F2 distribution and 2) there was a slight 
personal bias toward lateness when recording maturity in 
segregating Fa progenies. 
GENETIC AND ENVIRON:\IE~TAL ASSOCL .... TIONS 
The formula for estimating genetic correlations was used 
as suggested by Hazel (11) and Hazel, Baker and Reinmiller 
(12) • This formula utilizes regression coefficients for iso-
lating the genetic correlation between two characters. The 
formula rGAGB = ~~AB· ~BA provides an estimate of genetic AA· BB 
correlation between each pair of characters .eliminating most 
of the dominant and epistatic deviations and all of the en-
vironmental deviations. The symbols used in this formula 
represent the following: 
rGAGB = Genetic correlation coefficient between a pair of 
characters, . 
bAB = Regression coefficient of an Fa character on an F2 
character, 
bBA = Regression coefficient reciprocally calculated to 
that of bAB, 
bAA = Regression coefficient of the Fa on the F2 of one 
of the pair of characters, 
bBB = Regression coefficient of the Fa on the F2 of the 
other of a pair of characters. 
The observed and genetic correlation coefficients between 
characters in the F2 and Fa generations are shown in table 10. 
While the F2 and Fa correlation coefficients were presented 
earlier, a comparison of these with the genetic correlation 
coefficients is of considerable interest. First, wherever the 
F2 generation gave an appreciable association between char-
acters, the correlation between these same characters in the 
Fa generation was of considerably greater magnitude. The 
explanation of this lies in the greater accuracy of the mean of 
an Fa progeny as contrasted to the less accurate measure-
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TABLE 10. OBSERVED AXD GE:-'ETIC CORRELATION COEFFICIENTS 
BETWEEN CHARACTERS IN F. AND Fa GENERATIONS, RE· 
SPECTIVELY, FROM A CROSS G. JILlX X G. USSURIENSIS. 
Characters correIa ted 
I Correlation coefficients 
Observed F2 I Observed Fa I Genetic 
Seed size, gms/100 seeds' and 
Protein percentage 
Oil percentage 
Iodine number of oil 
Maturity date 
alaturlty date and 
Protein percentage 
Oil percentage 
Iodine number of 011 
Protein percentage and 
011 percentage 
Iodine number of 011 
011 percentage and 
Iodine number of 011 
+.071 
+.466·' 
-.674·· 
-.090 
-.008 
+.034 
-.125 
-.462" 
-.158" 
-.311** 
• Exceed~ the 5 percent level (162 d.f.) . 
•• Exceeds the 1 percent level (162 d.f.). 
-.235" -.126 
+.658" +.724 
-.678·· -.841 
-.093 -.120 
-.051 -.057 
-.086' .000 
+.024 +.020 
-.712" -.671 
+.252"* +.105 
-.675'· -.638 
ment of an individual F2 • Second, the Fa correlation between 
characters was a good approximation of the genetic corre-
lation. Third, the genetic association was small between the 
following characters: seed size versus protein percentage, 
maturity date versus any of the other four characters, and 
protein percentage versus iodine number of oil. 
The phenotypic expression of a character is com-
posed of the genotype expressed as the sum of the average 
effects of genes, plus the combined effects of environment, 
dominance and epistasis. We'must assume then that the 
phenotype equals G plus E effects, where G is defined as the 
sum of the average effects of genes. Wright (48,50) showed 
that only additive effects contributed to permanent gain. Then 
E effects, composed of environment and the nonadditive 
deviations encountered when dominant and epistatic genes are 
heterozygous, logically may be grouped together since their 
action is primarily one of masking the genotype. Figure 16 
shows a diagram of the genetic and environmental effects 
estimated as the causal agents responsible for the expression 
of each of the five characters studied and the relations be-
tween these sources which cause the observed correlation 
between the various characters. The importance of each causal 
agent is represented by path coefficients (straight lines) 
while the association between characters is represented by 
correlation coefficients (curved lines). Wright (49) stated 
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FIg. 16. Path coefficient diagrams with genetic and environmental co· 
efficients calculated from the observed correlations between five characters 
In the F. and Fa generations. respectively. from a cross G. maw X G. 
Ils8uriell8is. G = genotype of a character. E = dominance. epistatic deviations 
and environment peculiar to a particular character. The straight lines repre· 
sent path coefficients. The curved lines represent correlation coefficients. 
that specifically the path coefficient was that fraction of the 
standard deviation of the dependent variable for which the 
designated factor was directly responsible. 
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The formula used in calculating various values of a dia-
gram was as follows: 
rAB = ~.~.rGAGB + ~1 gA.~1-gB.rEAEB where 
rAB = Observed F2 correlation coefficient between a 
pair of characters, 
-vgA = Path coefficient of genetic factors contributing 
to one of the pair of characters, 
-vgB = Path coefficient of genetic factors contributing 
to the other of the pair of characters, 
gA = Regression coefficient of the Fa on the F2 of 
one of the pair of characters, 
gB = Regression coefficient of the Fa on the F2 of 
the other of the pair of characters, 
rGAGn = Genetic correlation coefficient between a pair 
of characters, 
-V 1- gA = Path. coefficient of environmental factors con-
tributing to one of the pair of characters, 
-V 1- gB = Path coefficient of environmental factors con-
tributing to the other of the pair of characters, 
rEAEB = Environmental correlation coefficient between 
the pair of characters. 
Then in fig. 16, a value in one of the straight lines squared 
times 100 represents the percentage influence of E or G on 
the phenotypic expression of a character. Obviously, the 
percentage influence of E plus G of a character equals 100. 
Each observed correlation is the sum of two chains of causal 
relation, each chain being the product of one correlation and 
two path coefficients. For example, the first diagram in fig. 
16 representing seed. size (W) and protein percentage (P) 
will be used to illustrate the chains of causal relation: 
rwp = (.741) . (.838) . (-.126) + (.672) . (.546) . (.407) 
=.071. 
The five characters had heritabilities (G) ranging from 
47 percent for iodine number of oil to 86 percent for maturity 
date. The mean heritability for all characters was 64 per-
cent. The environmental effects (E) ranged from 14 percent 
for maturity date to 53 percent for iodine number of oil with 
a mean of 36 percent for all characters. Four out of 10 en-
vironmental correlations were of considerable magnitude: seed 
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size versus protein percentage and iodine number of oil, and 
maturity date and protein percentage versus iodine number 
of oil. The significance of the environmental correlations can 
only be speculative since environmental effects and their re-
lation to the genotype are elusive. However, as mentioned 
previously, iodine number of oil can be influenced by temper-
ature to a considerable extent. In these data, iodine number 
of oil had the lowest heritability and highest environmental 
correlations with other characters in three of the four cases 
where the environmental correlation was of appreciable 
magnitude. 
It has been pointed out that the maturity date regression 
coefficient of Fa on F2 exceeded 1.0. It has been suggested that 
the observed regression of 1.224 was too large. Therefore, 
in the calculation of the values for the path coefficient dia-
gram, the maturity date correlation coefficient was used in 
lieu of the Fs-F2 regression coefficient because the cor-
relation coefficient was the best available estimate. 
GENE ACTION 
A number of tests are available for determining whether 
polygenes act in an additive or geometric manner. The 
theoretical means herein were calculated by formulas given 
by Powers and Lyon (29) shown in table 11. The observed 
and theoretical means based on arithmetic and geometric gene 
action in Fl/ F2 and reciprocal backcross populations of the 
cross G. max X G. ussllriensis grown in 1943 are given in 
table 12. 
The geometric means for seed size in all generations 
studied agreed closely with the observed means. The F2 
generation gave the largest difference (.35 gms/100 seeds) 
noted among the geometric and observed means. 
TABLE 11. FORMULAS FOR ESTDIATING ARITH:.\IETIC AND 
GEOMETRIC lIEANS. 
Generation Or backcross IArlthmetiC meanl 
F, generation 
F2 generation 
BC to P, 
BC to Po 
P,+p. 
2 
P, + 2F, +p. 
---~, 
4 
F,+P, 
2 
F,+Po 
2 
Geometric mean 
log P, + 2 log F, + log Po 
An titog-. of----.:.-'--------''-C...-~ 
4 
log F, + log P, 
Antilog.of----=---CO-
2 
log F't + log p. 
Antllog,of----=----=-
2 
804 
TABLE 12. OBSERVED AND THEORETICAL MEANS BASED ON ARITH. 
)IETIC AND GEO:\IETRIC GENE ACTION IN F" F. AND RE-
CIPROCAL BACKCROSS POPULATIONS OF A CROSS 
Character 
Seed size, 
gms/100 seeds 
Iodine number 
of oil 
Protein percentage 
Oil percentage 
Maturity date 
G. MAX X·G. USSURIENSIS. 1943. 
Parent or generation Observed means 
I I I G. uBsuriensis (25) 1.40 I G. mam (11) 15.67 Fl (11 x 25) I 4.84 
F. (11 x 25) 4.41 
BC 25 x (11 x 25) 2.62 
BC 11x (11 x 25) 8.76 
O. Ilssuriensis (25) 153.83 
G. rnaa: (11) 129.18. 
F, (11 x 25) 143.50 
F. (11 x 25) 142.59 
BC 25 x (11 x 25) 148.56 
BC 11 x (11 x 25) 137.22 
G. llB81lriensis (25) 50.50 
O. rnaa: (11) 41.15 
F, (11 x 25) 49.73 
F. (11 x 25) 49.48 
BC 25 x (11 x 25) 51.16 
BC 11 x (11 x 25) 45.87 
G. IIB8ur1en8/s (25) 6.6,5 
G. m(la: (11) 20.60 
Fl (11 x 25) 12.78 
F. (11 x 2'5) 12.68 
BC 25 x (11 x 25) 9.63 
BC 11 x (11 x 25) 15.74 
O. 1I8SIIr1ell8i8 (25) 9·23 
O. rnrla: (11) 10-1 
F, (11 x 25) 10·1 
F. (11 x 25) 10·7 
BC 25 x (11 x 25) 9-26 
BC 11 x (11 x 25) 9-28 
Theoretical means 
Arithmeticl Geo!llet-
, rIC 
I 
I 
I 8.54 
6.69 I 
3.12 
10.'26 I 
141.51 
142.50 
148.67 
136.34 
45.83 
47.78 
50.12 
45.44 
13.63 
13.20 
9.72 
16.69 
9-27 
9-29 
9-29 
10·1 
I 
I 
I 
I 
I 
I 
I 
I 
'I 
I 
4.68 
4.76 
2.60 
8.71 
140.97 
142.19 
148.57 
136.02 
45.59 
47.61 
50.11 
15.24 
11.71 
12.23 
9.21 
16.22 
9-27 
9·29 
9·27 
10-1 
With iodine number of oil the arithmetic means approxi-
mated the observed means only slightly closer than did the 
geometric means. This was true in all generations except the 
backcross to G. ussuriensis where the geometric mean was 
slightly closer to the observed mean. The Ff mean iodine 
number approximated the mean of the F2 lines. The backcross 
populations also gave means which confirmed that gene action 
for iodine number of oil appeared to be additive with no 
dominance or a mixture of arithmetic and geometric gene 
action. 
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.In every generation the protein percentage theoretical 
means for arithmetic gene action were slightly closer to the 
observed values than the geometric mean. The arithmetic 
mean of the Fl generation, however, did not agree particularly 
well with the observed mean. The mean of the Fl generation 
showed considerable partial dominance. The means of the 
F 2, Fa and reciprocal backcross populations likewise suggested 
that high protein was determined by genetic factors with con-
siderable partial dominance. 
Oil percentage, like iodine number of oil, gave arithmetic 
means that were only slightly closer to the observed than the 
geometric means were. Both arithmetic and geometric means 
were good approximations of the observed means. The ob-
served mean of the backcross I to the high-oil parent was 
approximately intermediate between the Fl mean and the 
high parent mean. Conversely, the mean of the backcross to 
the low-oil parent was intermediate between the Fl mean and 
the low-oil parent mean. This implies a lack of dominance 
and possibly a mixture of additive and multiplicative gene 
action conditioning oil percentage. 
TABLE 13. OBSERVED AND THEORETICAL lIlEANS BASED ON ARITH. 
lIIETIC AND GEO:'lIETRIC GENE ACTION IN F, AND F. GENER· 
ATIONS OF A CROSS G. JIAX X G. USSURIENSIS. 1940. 
Theoretical means 
Character Parent or c-eneration Observed means Arithmetlcl Geomet· 
ric 
G. 1l8stwieusis (25) 1.63 
G. maa: (11) 16.25 
Seed size, F, (11 x 25) 5.80 8.94 5.15 
gms./l00 seeds F. '(11 x 25) 4.96 7.37 5.47 
G. Ilsstll"ieltsis (25) 149.93 
G. maa: (11) 123.84 
Iodine number F, (11 x 25) 135.28 136.89 136.26 
of oil F::: (11 x 25) 135.30 136.08 135.74 
G. 1I8811rieltsis (25) 52.04 
G. moa: (11) 42.34 
Protein percentage F, (11 x 25) 50.7.7 47.19 46.94 
F. (11 x 25) 49.77 48.98 48.82 
G. llss11rieusis (25) 7.68 
G. mull' (11) 19.70 
Oil percentage F, (11 x 25) 13.70 13.69 12.30 
F. (11 x 25) 13.33 13.70 12.98 
G. 1188l1ricJ1sis (25) 9·20 
G. max (11) 10·4 
:'IIaturity date F, (11 x 25) 9·28 9·27 9·26 
F. (11 x 25) 9·26 9-28 9-27 
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Time of maturity was recorded on an estimated score basis 
and for this reason had a larger error than any of the other 
characters studied. The arithmetic and geometric means were 
in exact agreement. These theoretical means did not agree 
particularly well with· the observed Fl mean maturity date. 
It was pointed out previously that the Fl mean and late parent 
were identical. However, it was reasoned that this did not 
indicate dominance and was probably due to incorrect scoring 
of the respective genotypes. The theoretical means differed 
from the F2 mean by 8 days. In the reciprocal backcrosses 
the theoretical means were in better agreement with the 
observed means. In general, however, it was impossible to 
determine the type of gene action from these calculated 
theoretical values. In the section on Maturity Date under 
Segregation of Characters, it was noted that there appeared to 
be a lack of dominance of factors conditioning this character 
and that gene action might well be additive. 
The observed and theoretical means based upon arithmetic 
and geometric gene action in the F 1 and F 2 generations grown 
in 1940 are presented in table 13. These data show approxi-
mately the same results as did the 1943 data" except that the 
theoretical means for maturity date were in much better 
agreement with the observed means in 1940 than in 1943. 
GENE NUMBERS 
Castle and Wright (4) showed that under certain con-
ditions the number of genes affecting a character in a cross 
could be estimated. The formulas are based on the variances 
of the Flo F2 or backcross as a ratio with the squared differ-
ence between the parents of the cross. The conditions under 
which the formulas work are so special that it is not probable 
that all would be fulfilled in every case. However, these 
formulas as applied to the data from this study merit presen-
tation: The formula used was modified slightly: 
D2 minimum number of gene pairs affecting a 
8 (~2F2 - U2Fl) = character using F2 data, where D2 equals 
the squared difference between the parents, U2F" equals vari-
ance of the F2 population and in lieu of only the U2Fl' 
-xv U2Pl . U 2P2 • U2Fl was used as the best estimation of environ-
mental variance, U2E. The number of individuals representing 
U2E was increased considerably by using the parents and the 
F!'s. In the backcross the following formula was used: 
D2 minimum number of genes affecting a 
16 (u2nc - U2Fl) = character using backcross data. 
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Again in this formula, V' (T2P l • (T2P2 '(T2Fl was utilized as the 
best estimate of (T2E in lieu of only the (T2F1 • 
Table 14 gives an estimation of the minimum number of 
pairs of genes which condition five characters in the F 2 and 
reciprocal backcross populations involving G. max X G. 
llssllriensis. The number of gene pairs calculated to affect 
the seed size character was shown to be more erratic in the 
various generations than the other characters. This was due 
to the geometric action of genes shown earlier for this char-
acter. Geometric gene action does not fulfill the conditions 
necessary for proper application of the formula in a physiologi-
cal system. The gene numbers calculated for seed size were 
13,205 and 4 in the F 2, backcross to G. llssllriensis, and back-
cross to G. l[lQX, respectively. The number of genes de-
termining seed size was undoubtedly large. Perhaps the F2 
data gave the minimum number of gene pairs, 13, most likely 
to affect this character. 
Gene numbers determining maturity date, on the other 
hand, were shown to be relatively small. Perhaps a relatively 
few major genes and a larger group of modifying genes were 
responsible for maturity date. Such must be the case,. since 
a continuous variation was observed in the individuals in the 
F2 distribution. Transgressive segregation observed in the F2 
and Fa generations beyond that of either parent substantiates 
t.he hynothesis that relatively few genes conditioned maturity 
date where plus and minus gene effects were present in each 
of the parents. 
The gene numbers calculated for protein percentage 
ranged from 1 in the backcross to the low-protein parent to 3 
in the reciprocal backcross. The minimum number of major 
genes responsible for protein percentage was nevertheless rel-
atively small as indicated by the frequency distributions of 
the various segregating generations. 
TABLE 14. ESTDIATION OF THE l\U"",DIUl\1 NU:\IBER OF GENES CON· 
DITIONING FIVE CHARACTERS IN THE F. AND RECIPROCAL 
BACKCROSS POPULATIOXS FRO:\I G. 'J/A.X (11) X G. 
FSSURIEXSIS (25). 
Character 
"",umber of genes 
F. 25 X (11 X 25) 111 X (11 X 25) 
Seed size 13.4 205.3 I 4.0 
:\faturity date 1.0 .4 I .1 
Protein I percentage 2.9 3.2 I 1.1 Oil percentage 12.0 27.7 I 7.9 
Iodine number of oil 5.0 12.2 I 4.6 
I 
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Oil percentage appeared to have the largest estimated 
number of genes in the three generations studied. The cal-
culated gene numbers were 8, 28 and 12 for the backcross to 
the high-oil parent, the backcross to the low-oil parent, and 
the F 2 , respectively. It should be recalled that the Fl oil 
content showed a lack of dominance. The reciprocal backcross 
means for oil content likewise showed a lack of dominance. 
In fact, the mean of each reciprocal backcross could have been 
calculated reasonably accurately from the F 1 mean and the 
mean of each parent. 
The number of genes estimated for iodine number of oil 
was less than those for oil content, but the same general pat-
tern existed. That is, the estimated gene number for the 
backcross to the low iodine number parent, the reciprocal 
backcross and the F2 were 5, 12 and 5, respectively. In this 
character, like oil content, the mean of all generations showed 
a lack of dominance of genes for iodine number. Also like oil 
content, the mean of each reciprocal backcross could have been 
calculated rather accurately from the Fl mean and the mean 
of each parent. 
All the above calculations of gene numbers were based on 
the assumption that genes have the same effect. In the case 
of seed size, there appears to be little dominance when the 
logarithm of seed size was used as the scale of measurement. 
If the logarithm scale is accepted as the physiological basis 
for seed size, then it would be preferable to use the logarithms 
of seed size and their variances in the calculations of gene 
numbers for this character. Another assumption underlying 
the calculation of gene numbers was that the parents are 
homozygous and differ the maximum amount. That is, one 
parent contains all plus genes and the other all minus genes. 
This condition was not fulfilled in the distributions of maturity 
date and protein percentage where transgressive segregation 
was observed. The number of genes for maturity date and 
protein percentage, therefore, was underestimated because of 
the smaller numerator of the formula, D2, where D is the 
maximum possible difference between the parents. Using the 
range of the F2 distribution as D2, the estimated number of 
genes for maturity date was approximately 11. This revised 
estimate appears too large, however, as other . work has 
uniformly led to the conclusion that. maturity date determi-
nations made in early generations were highly indicative of 
the maturity date of subsequent progenies. 
In the foregoing estimations of gene numbers, it is not 
intimated that the numbers listed are correct; rather they 
may be indicative of a minimum number of major genes re-
sponsible for a given character. There is reason to believe 
that these major genes may be aided by a number of modify-
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ing genes in the expression of a character. The relative 
number of genes calculated for a character appears to be 
logical when integrated with the observed segregation for 
the character and with the oberved genetic and environmental 
correlations. 
DISCUSSION 
Previous studies on simply inherited characters in the 
wild and cultivated species of soybeans show the wild to 
possess most of such genes in the dominant condition. The 
proposed genetic constitution of the wild and cultivated species 
for the simply inherited characters was presented in the re-
view of literature. Therefore, it is not unreasonable to postu-
late that many of the polygenes conditioning characters in 
these two species were diverse in their alleles. 
Crosses between homozygous species with diverse genetic 
characteristics permitted maximum segregation of the char-
acters studied. . General observations on other characters may 
be of interest. Vining tendency of the wild species was 
dominant in the Fl with considerable heterosis for plant 
height as shown in fig. 1. The leaves of the Fl appeared to 
approximate the wild species more closely than the cultivated 
species in size and shape. The general appearance of the F 2 
segregates gave the impression that the vining and branching 
habit of the wild species was dominant, as all segregates 
possessed some degree of vininess, procumbent habit, and a 
large number of branches. The first backcross of the Fl to 
the wild type resembled the recurrent parent considerably 
more in plant habit and general appearance than did the re-
ciprocal backcross. The second backcross to the cultivated 
species, however, gave a P9pulation with a general appearance 
of the cultivated species, as shown in fig. 5. The seed in 
segregating populations was multicolored with varying de-
grees of bloom on the seed coat. 
The depression of the arithmetic means of seed. size of 
succeeding generations in both the 1940 and 1943 data was 
logical when placed on a logarithmic scale. However, it was 
pointed out that the depression of means decreased more than 
expected. There are, however, two other hypotheses which 
may help explain this excessive depression of means, namely, 
inbreeding effects and partial sterility (Weatherspoon and 
Wentz (41». 
On an arithmetic scale of measurement the positive skew-
ness of the seed size distribution and partial dominance of 
genes determining small seed size were in accord with the 
work of Nagai (22), Takagi (37), Ting (38) and Williams 
(44). The largest seeded F2 segregate failed to approach the 
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large-seeded parent by a considerable amount. This in itself 
is notable and perhaps indicates a large number of genes de-
termining this character. Seed size was shown to be strongly 
associated with oil percentage and iodine number of oil. How-
ever, the correlation of seed size and protein percentage was 
re19t.ively small and with maturity date it was nonexistent. 
Seed size, oil percentage and iodine number of oil gave seg-
regating distributions indicating rather large numbers of 
genes for these characters, whereas protein percentage and 
maturity date did not. The calculation of gene numbers by 
the Castle-Wright (4) formula was in agreement with the 
observed types of segregation for the various characters. We 
would expect seed size, then, to be strongly correlated with 
oil percentage and with iodine number of oil; we would also 
expect a correlation between the latter two attributes. 
In another part of this study not reported herein, an at-
tempt was made by backcrossing to transfer the high iodine 
number of oil of G. llssl1l'iemis to G. max. Two backcrosses 
were made to G. max consisting of approximately 60 plants. 
After selecting for agronomically desirable plants of the culti-
vated type with counter selection for high iodine number for 
three generations, it was found that the seed of these segre-
gates was only three to four points higher in iodine number 
than the original G. max type. The original difference in the 
two species was approximately 25 points. The high negative 
correlation between seed size and iodine number made it ap-
pear practically impossible to transfer high iodine number of 
G. us.mriensis to G. max and still retain the desirable agrono-
mic characters of G. max. Unsuccessful results from this 
backcross thus were in agreement with expectation. How-
ever, it is probable that iodine number could be increased 
further in the G. max type by r~peating the crossing and 
backcrossing operations using the improved iodine number 
selections. 
As was observed in the data, the number of genes for seed 
size undoubtedly was large and also exhibited geometric gene 
action. Neither geometric gene action nor any degree of 
dominance fulfills the conditions necessary for the proper 
application of the Castle-Wright formula. The erratic gene 
numbers calculated for seed size were 13, 205 and 4 in the F 2, 
backcross to the small-seeded parent, and backcross to the 
large-seeded parent, respectively. The underlying reason for 
the estimated 205 number was the small variance resulting 
from geometric gene action measured on a linear scale for the 
backcross population to the small-seeded parent. The reverse 
was true for the low number of genes estimated in the back-
cross to the large-seeded parent. 
Much published research shows that the interaction of 
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polygenes differentiating size characters is geometrically 
cumulative. Multiplicative action appears to exist among 
genes affecting growth rates, organ sizes and similar volumet-
ric characteristics. Investigations by Charles and Smith (5), 
Lindstrom (17), MacArthur and Butler (20), Powers (26, 27) 
and others show that volumetric characteristics were the 
result of geometrically cumulative gene action. Since volume 
is a function of three dimensions, it is almost imperative that 
gene action involving volumetric characteristics would produce 
multiplicative effects on a linear scale. Thus such genes may 
be expected to contribute additively when measured on a 
logarithmic scale. Consequently, a dogmatic assertion that a 
complex quantitative character in a complex physiological 
system is determined by either additive or geometrically 
cumulative gene action cannot be made until the proper scale 
of measurement is ascertained. Metrical bias may be a 
serious handicap in the interpretations of biological data col-
lected and summarized on an improper scale of measurement. 
The literature thus far reported confirms that characters 
measured in a linear fashion such as surface area, height, etc., 
have given an additive type of gene action. The data herein 
show geometric gene action for seed size, and arithmetic or a 
combination of arithmetic and geometric gene action for 
maturity date, protein and oil content, and iodine number 
of oil. 
Protein percentage gave a considerable negative corre-
lation with oil percentage. Yet protein percentage was not 
particularly strongly correlated with any other character. It 
was reasoned from this that the protein-oil percentage associ-
ation may have exhibited an automaticity which did not reveal 
their true physiological relationship. This automaticity could 
have arisen from the percentage basis upon which each was 
calculated. If protein is highly negatively correlated with oil 
from a physiological standpoint, then obtaining simultaneously 
high oil and high protein in the same genotype following a 
cross would cause considerable difficulty. Thus far, however, 
soybean breeding programs have encountered no serious diffi-
culty in increasing oil percentage and also maintaining a 
reasonably high protein content. The partial dominance of 
high protein content in these data was in agreement with the 
work of Williams (44), but the data were in distinct contrast 
with the studies on corn by East and Jones (8) and Frey (9), 
~,p.d the studies with wheat reported by Clark and Quisenberry 
(6), where a partial dominance of low protein content was 
exhibited. 
Although maturity date gave a continuous distribution of 
phenotype with transgressive segregation in the F!! and Fa 
generations, these data suggest a relatively simple type of in-
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heritance for this character. Maturity date probably was 
conditioned by a few major genes with a few minor modifiers. 
Other soybean studies confirming this conclusion were report-
ed by Owen (23), Veatch (39), Woodworth (45), Weiss, 
Weber and Kalton (42) and Williams ~44). The studies of 
Rasmusson (30), working with peas, also confirmed the rel-
atively simple type of inheritance for maturity date. 
Successful selection among segregating populations is de-
o pendent upon the ability of the plant breeder to recognize 
and/or measure the characters for which improvement is 
desired. Permanent improvement in any organism can come 
about only by fixing these genetic complexes of the organism. 
Hybridization has been man's most efficient tool for producing 
desirable variability upon which to practice the "art" of plant 
breeding. The key to efficient selection following a cross in-
volving polygenic inheritance depends upon the characteri-
zation of the genotype. If environment strongly modifies the 
expression of the genotype, there is less certainty of attaining 
the desired goal. Consequently, if the phenotype of .a- char-
acter can be divided into two or more of its components, the 
genotype and the environment, then an average value can be 
placed upon the importance of each of the causes of the pheno-
type. The problem is further cbmplicated when selection is 
made simultaneously for two or more quantitative characters. 
The calculation of genetic and environmental correlations 
for these characters and their path coefficients together with 
all their possible paired relations was an attempt to determine 
values which may be useful in a soybean breeding program. 
This information should be integrated with the segregation of 
genes, mode of· inheritance, and other aspects of a funda-
mental or theoretical nature in order to obtain the greatest 
usefulness in a breeding program. 
The heritability of all characters was high. Maturity date 
showed the highest heritability, 86 percent. All segregating 
generations for maturity date indicated a relatively simple 
type of inheritance. The calculation of gene numbers by the 
Castle-Wright formula showed the lowest number of genes 
responsible for this character. The results of these investi-
gations indicated that selection for maturity date could be 
made to good advantage in early generations following a 
cross. Kalton (13) and Weiss, Weber and Kalton (42), using 
segregates from cultivated type soybean crosses, suggested 
that selection for maturity date could be practiced to good 
advantage in early segregating generations following a cross. 
Protein percentage gave the next highest heritability of 
70 percent. The segregating generations for protein percent-
age indicated that while it was· not as simply inherited as 
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maturity date, it was not as complex in its inheritance as oil 
percentage, seed size or iodine number of oil. The application 
of the Castle-Wright formula for gene numbers indicated pro-
tein percentage was second to maturity date in numb-er of 
genes responsible for this character. 
Oil percentage showed a heritability of 64 percent. The 
segregating generations for oil percentage indicated a rel-
atively complex type of inheritance. The Castle-Wright 
formula indicated oil percentage was conditioned by a relative-
ly large number of genes. 
Seed size and iodine number of oil had a heritability of 55 
and 47 percent, respectively. The segregating generations of 
these characters, like that of oil percentage, indicated a rel-
atively complex type of inheritance. The Castle .. Wright 
formula applied to the data of these characters indicated a 
relatively large number of genes. Seed size, oil percentage, 
iodine number of oil, and all their interrelations gave larger 
observed and genetic correlation values than any of the other 
characters. This indicated that these characters either were 
determined by a large number of genes or were conditioned 
by pleiotropic effects of genes. 
The wild species has two desirable economic character-
istics, high protein percentage and high iodine number of the 
oil. A breeding program designed to transfer these two char-
acteristics to an otherwise desirable cultivated species of soy-
beans would encounter considerable difficulty. The physiologi-
cal limits of characters conditioned by a large number of genes 
soinetimes must be reconciled. Seed size and iodine number 
of oil were highly negatively correlated; seed size and oil 
percentage were highly positively correlated; protein percent-
age and oil percentage were highly negatively correlated. But 
it will be remembered that the correlation of protein percent-
age and oil percentage may not be as strong physiologically as 
it appeared to be in these data. 
From the standpoint of the character~, studied herein, it 
would appear entirely possible to obtain the same basic gene 
action in a hybridization program involving cultivated types 
of soybeans. However, if only cultivated types are used, the 
allelic differences obtained might not be as large as those in 
this study. 
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